Substitution of an acetylacetonate by a carboxylate in the neutral (acac)2Cu(II) was achieved by its reaction with tri-and dichloroacetic acid in benzene (HCO2R where R = CCI3 or CHCI2; Hacac = acetylacetone) which led to the formation of the mixed chelate square planar complex (acac)Cu(OCOR). The later complex, R = CCI3, reacted with heterocyclic bases to produce the square pyramidal complexes (acac)Cu(OCOR) (base), (base = 2-methylpyridine or quinoline); with ethylenediamine (en) to give the octahedral [(en)2Cu(OCOR)]Cl, and with methanol and piperidine or boiling methanol alone to give the methoxo-bridged (acac)Cu(OCH3)2Cu(acac). The reaction of acetylacetonate-carboxylate-copper(II) complex (R = CHCI2) with heterocyclic bases led to the cleavage of the acetylacetonate ligand and the formation of the octahedral Cu(OCOCHCl2) • 2 base (base = pyridine, 2-, 3-or 4-methylpyridine). The same cleavage reaction took place, and also with R = CCI3, in their reaction with 8-hydroxyquinoline to form the mixed chelates (ROCO)Cu(Oxinate). These formulations are based on chemical analyses, electronic and vibrational spectra, and on conductance measurements.
Introduction
The biological significance of mixed ligand complexes of metals and their reactivity are aspects of great importance which had been the subject of some investigations [1, 2] , The role of copper(II) mixed ligand complexes in biological fluids was confirmed [2] .
The chemistry of mixed ligand complexes of copper(II) involving ß diketones and other ligands was the subject of several reports [3] . The current interest in the chemistry of mixed chelates of copper(II) prompted a study of some compounds of this type as w r ell as their reactions.
Experimental
Solvents used were spectra-grade. Infrared measurements were carried out with a Unicam Sp 200 G Infracord. Solid samples were examined as Nujol mulls. Electronic spectra were obtained, in the appropriate solvent, and the instrument used was a Unicam Sp 8000. A Pye conductance bridge was used for this type of measurements. The C, H, N, and Cl analyses were determined at the microanalytical laboratory of Dr. F. B. Strauss. Oxford, England, while Cu was determined iodometrically. Copper(II) acetylacetonate was prepared from the reaction of copper acetate and acetylacetone, and crystallized from chloroform. The mixed chelate (acac)Cu(OCOCCl3) was obtained as described before [4] .
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The liquid base was dried using potassium hydroxide. The isolated complexes were stored under vacuum over phosphorus pentoxide.
Reaction (A):
Reaction of copper(II) acetylacetonate with dichloroacetic acid was carried out as reported [4] except that the acid to copper(II) complex ratio was 5 to 1 since a lower ratio of the acid led to incomplete reaction. No reaction was observed in the cases of monochloroacetic, acetic, or phenylacetic acid even when the acid to copper -(II) complex ratio was 10 to 1 and the reaction mixture was refluxed for several hours. The reaction product isolated in the case of trichloroacetic acid (0.006 moles) was recovered unchanged when boiled with the chloroform or the benzene solution, 50 ml, which contained 0.03 moles of the same acid.
Reaction (B):
The chloroform solution, 30 ml, of ethylenediamine (0.016 moles) was added to that, 50 ml, of (acac)Cu(OCOCCl3), (0.003 moles). The precipitated violet compound was filtered off, washed several times with benzene, and dried. This compound is only soluble in water and ethanol.
Reaction (C):
This describes the reaction of the mixed chelate (acac) Cu(OCOR); where R = CCl3 or CHCI2, with pyridine (py), 2-methylpyridine, 3-methylpyridine, 4-methylpyridine, and quinoline (Quin). Solution of the heterocyclic base (0.03 moles) in benzene, 50 ml, was added to a suspension of the powdered copper(II) mixed chelate in benzene, 50 ml. The resulting solution was warmed, about 40 °C, for 2-3 min while stirring, filtered, and the blue filtrate was left to cool. The precipitated crystalline compound from the filtrate was filtered off, washed with benzene, and dried. Compounds of the type CuCb • 2 base were isolated if the reactions were carried out in boiling benzene, chloroform, or if the mixed chelate was dissolved in the free liquid base.
Reaction (D):
This reaction of the copper(II) mixed chelate with 8-hydroxyquinoline was carried out as follows. The chloroform solution, 70 ml, of oxine (0.006 moles) was added to that, 100 ml, of the mixed copper(II) chelate (0.006 moles). The resulting solution was left to stand for 15 min whereby a yellow crystalline compound was formed. This was filtered off, washed with petroleum ether and dried to give the compound described in Table I . The brown filtrate was left overnight, filtered and the product obtained was washed with benzene and dried to give a brown compound which was identified as the neutral copper(II) oxinate.
Reaction (E):
The product of the reaction of (acac)Cu(OCOCCl3) with piperidine in methyl alcohol was obtained as follows. The addition of piperidine, 10 ml, to the suspension of the copper(II) mixed chelate, (0.006 moles) in methyl alcohol led to the formation of a blue solution. This was filtered, and refluxed for 20 min. The resulting blue precipitate was filtered from the hot solution, washed with methanol, and dried. The same product was obtained by refluxing the methanolic solution of the starting copper(II) complex for 2 hours.
Results and Discussion
The substitution of one of the coordinated acetylacetonates in (acac^Cu by a tri-or dichloroacetate ligand led to the formation of the acetylacetonate-car boxy late mixed chelate; reaction (A). The second acetylacetonate anion resists substitution. The observed stability of (acac^Cu in the presence of weaker acids than dichloroacetic acid suggests that an acetylacetonate cleavage by a carboxylic acid and the subsequent coordination of the carboxylate is controlled by the degree of dissociation of the proton. Accordingly, it is suggested that the process of the ligand cleavage is preceded by a proton addition to one end of the acetylacetonate.
Reactions A, B, C, D, and E are schematically illustrated as shown in the accompanying Figure. This representation is based on the results of the elemental analyses, and IR and electronic spectra listed in Tables I, II , and III, respectively. The coordination of the carboxylate in the trichloroacetate complex is considered [4] to be of the bidentate type since a bridging one would enhance the possibility of spin-spin interaction which is incompatible with the observed magnetic moment of 1.93 B.M. Similar arguments are applied to the case of dichloroacetic acid (compound 4 Table I) where the vibrational bands at 3320-3180 (br) and at 1680 cm -1 indicate the stretching and bending vibrations respectively of the OH group of the probably hydrogen bonded "solvated" acid molecule. ; : Vas and vs are related to coordinated carboxylate [19] . E, M, Q, Ox, me, and P refer to bands attributed to coordinated ethylenediamine [5] , methylpyridine, quinoline [13] , oxinate [20] , methoxo group [16] , and pyridine [11] respectively.
The removal of the coordinated acetylacetonate anion in reaction (B) led to the formation of the octahedral cationic complex of Cu(II); see Table II for IR assignements [5] of compound 1. The molar electrical corductance of this compound (10 -3 M ethanol solution, 58 Ü' 1 mole -1 cm 2 ) approaching those values [6] reported for a 1 : 1-electrolyte.
The axial ligation of the Cu(II) mixed chelate in reaction (C) is of interest in relation ot the published data [7] regarding the acetylacetonato-Cu(II) complex. Thus, while ras and vs of carboxylate in the case of (acac)Cu(OCOCCl3) were at 1642 and 1397 cm -1 , respectively, their positions were shifted is the cases of the 2-methylpyridine and quinoline adducts; see Table II for compounds 2 and 3. This observation together with the shift in the electronic spectra from the original acetylacetonato Cu(II) complex [7] are indicative for structural changes. Opening of either chelate rings, which has been suggested [8] for the acetylacetonate ring is excluded on IR grounds which showed the preservation of both the C-0 frequency [9] (1589 cm -1 ) as well as the 298 nm band characterizing coordinated acetylacetonate [10] . The coordination of the 2-methylpyridine and quinoline to the metal in compounds 2 and 3 is confirmed [11] by the shift of the lower frequency band of those bases to 1600 and 1605 cm -1 , respectively, and by the appearance of weak bands at 1250, 1235 cm -1 for compound 2 and at 1240, 1216 cm -1 for compound 3. Furthermore, the similarity of the electronic spectra of compounds 2 and 3 (Table III) with those relating to adducts of nitrogen bases with copper(II) /5-diketone chelates [7, 12] suggests identical structure. The reported structure [12] for the compared cases is that of a aquare-pyramidal one which was also confirmed [13] by X-ray analysis for the quinoline adduct of acetylacetonato-Cu(II). In such a structure, the five coordinate Cu(II) atom is moved above the plane of the four oxygen atoms (two from acac and two from OCO) whereby the two different chelate rings are bent down and away from the axial coordination site. It could be suggested that the electronic energy level changes accompanying the axial ligation would include the raising in energy of the dz2, dxz and dyz levels and lowering of the dxy and dx2_y2 levels by the movement of the Cu(II) atom to a position above the plane of the oxygen atoms of the chelate rings.
Attempted similar reaction of the mixed chelate (R = CCI3) with pyridine, 3-methylpyridine, and 4-methylpyridine under the different experimental conditions of reaction (C) resulted into the removal of the acetylacetonate anion and cleavage of chloride ions from the trichloroacetate. This would explain the formation of compounds of the type CuCl2 • 2 base from these reactions. It is worth noting in this connection that the 2-methylpyridine adduct was not formed [7] in the case of (acac^Cu.
Compounds 7 to 10 are obtained through the cleavage of the acetylacetonate anion from compound 6 by the nitrogen bases. Bidentate coordination of the carboxylate is shown by the position of v&s and vs in Table II which are located at a frequency identical with that observed [14] from a similar compound (compound 7; prepared by direct interaction of pyridine with copper dichloroacetate). These six coordinate copper complexes are suggested to be octahedral with the two molecules of base being coordinated to the copper atom via the trans-axial position. The IR evidence for the coordination of these bases is similar to that discussed for compounds 2 and 3, see Table II. Reactions (D) and (E) are additional examples for the reactivity of the mixed acetylacetonatocarboxylate-Cu(II) complexes towards ligands. Thus, in reaction (D) the acetylacetonate anion was replaced by the oxinate anion to give the aquare planar complex in which the carboxylate is bidentate in compounds 4 and 11. Bidentate coordination of the oxinate in these compounds is shown by the bands in their electronic spectra [15] characterizing this coordination, Table III. The carboxylate ligand was replaced by the bridging methoxo group in reaction (E) with the resulting formation of the binuclear copper(II) complex. Bridging of the methoxo group in compound 5 is evidenced by its vibrational band at 1030 cm -1 that corresponds to C-0 stretching vibrations [16] which were observed for some dimeric dialkoxo-bridged iron(III) complex with acetylacetone [16] as well as in alcohols [17] . The same methoxo bridge was also reported [18] for the polymeric complexes of acetylacetone with divalent Mg, Co, and Ni. The insolubility of the mixed oxinatecarboxylate copper(II) complexes, compounds 4 and 11, and the binuclear complex compound 5 in organic solvents suggests molecular association in the solid state. Reaction (E) produced (acac^Cu when it was attempted using ethanol or 2-propanol.
